Sylvatic yellow fever is a zoonosis associated mainly with wild animals, especially those in the genus Alouatta, that act as the source of infection. Once infected, these animals pass the disease on to humans by way of an infected mosquito belonging to the genera Aedes, Haemagogus, or Sabethes. The present study is the fi rst report of a case of yellow fever in non-human primates (NHP) in the State of Paraná, Brazil. After the case was diagnosed, several prophylactic measures were adopted to prevent outbreaks of the disease in humans.
INTRODUCTION
Virus-borne hemorrhagic fevers occur all over the world and are mostly caused by ribonucleic acid (RNA) viruses that belong to one of four families: Flaviviridae, Bunyaviridae, Arenaviridae, or Filoviridae. These are highly lethal zoonoses, and most of them are associated with wild animals, such as primates, rodents, and other mammals 1 .
The main representative virus of the Flaviviridae family is the yellow fever virus (YFV), which is a spherical virus with an envelope and two projections, namely the envelope (E) and membrane (M) proteins. YFV has a diameter of 50nm and has a single strand of RNA with positive polarity 1 .
Yellow fever is an infectious, non-contagious disease transmitted to humans by the bite of an infected mosquito. The disease is considered endemic to countries of Central Africa and to several countries in Central and South America and has two different epidemiological cycles: an urban cycle and a sylvatic cycle. In the urban cycle, the disease is an anthroponosis, and there are no known animal reservoirs of epidemiological importance. Urban yellow fever has not been reported in Brazil  since 1942 2 . In contrast, in the sylvatic cycle, which was the object of the present study, non-human primates, especially monkeys in the genera Alouatta, Cebus, Atelles, and Callithrix 2, 3 , are the main source of infection, and the disease is a zoonosis transmitted by mosquitoes mainly in the genus Haemagogus.
Humans acquire sylvatic yellow fever when they enter the ecological niche of the arbovirosis, that is, forests (or regions close to them) in which these infected primates are found. The infected animals are bitten by mosquitoes that inhabit the canopy of the trees, and once infected, the mosquitoes transmit the disease to humans and other primates, which perpetuates the cycle of the disease 1 . It should be emphasized that primates (both human and non-human) function as amplifi ers of the disease and not as reservoirs, as once they are infected, they either die, become cured, or in this case, become immune for the rest of their lives 3 . New World primates are recognized as susceptible to YFV, and animals in the genus Alouatta are the most sensitive. These animals can be infected by small doses of YFV, whereas animals in the genus Cebus are highly resistant to YFV. In contrast, Old World primates are highly resistant to YFV and rarely demonstrate yellow fever 3, 4 . The susceptibility of non-human primates and the identifi cation of cases in these animals is the main indicator of the circulation of YFV in forest areas in the Americas 3, 4 . Recently, human cases of sylvatic yellow fever in Brazil have been preceded by reports of the disease in animals 5 . Therefore, we could consider non-human primates as sentinels of YFV circulation in a given region, and epidemiological surveillance should be conducted in these animals 4, 5 .
The improvement of this epidemiological surveillance could, to some extent, permit early detection of an outbreak and enable quick establishment of a transmission-blocking vaccination 2 . Vaccination with live vaccines containing strain 17D are still the most effi cient method to prevent yellow fever and provide immunity for at least 10 years 3, 6 .
The present study is the fi rst report of a yellow fever case in a non-human primate in the State of Paraná, Brazil and discusses the public health implications of this case. (Figure 1 ) in the center-south region of the State of Paraná (latitude 25º 29' 26" S, longitude 52º 31' 33" W).
At the plant, the monkey was observed on the ground, disoriented and swaying, but still alive, and died a few hours later. The physical evaluation revealed that the monkey was an adult, free-living male weighing approximately 7kg that showed remarkable jaundice in the skin of the thorax 
DISCUSSION
and abdomen. The subcutaneous tissue showed intense jaundice, and large amounts of blood were present in the abdominal cavity; additionally, jaundice was present in the mesentery, liver, and peritoneum. The kidneys showed congestion caused by decubitus. The other organs did not show any noteworthy macroscopic changes. Samples of the liver, heart, lungs, kidneys, and brain were collected and sent to the Pathology Division of the Immunohistochemistry Laboratory of Instituto Adolfo Lutz for diagnosis of the yellow fever virus. Immunohistochemistry was conducted using an enzyme-conjugated polymer and secondary antibodies to detect YFV polyclonal antigens.
The assay for direct detection of YFV (immunohistochemistry) was positive only in the liver sample, which confi rmed the fi rst report of sylvatic yellow fever in a non-human primate in the State of Paraná. No other diagnostic techniques (virus culture or histopathological tests) were performed on the samples.
With a positive diagnosis of yellow fever, several prophylactic measures were adopted in the State of Paraná to prevent the occurrence of the disease in humans. Specifi cally, surveillance of free-living and captive primates in all rural and urban areas of the state was conducted, and the coverage of immunization in the state, mainly in the affected region, was expanded. These measures were implemented because cases in humans are usually preceded by reports of death in infected animals. Therefore, animals could serve as sentinels 2, 5 for the disease. Additionally, it is necessary to delimit the area of disease transmission based on environmental studies that evaluate the presence of vectors and reservoirs Monkeys in the genus Alouatta are important sentinels for YFV detection in a given region, as they are highly susceptible to YFV 4, 6 . A similar fi nding was previously reported in the State of Rio Grande do Sul, where 173 monkeys in this genus were positive for YFV in laboratory tests in 2008 and 2009 5 alone.
The immunohistochemistry methodology used in the present study is considered a standard technique, and is used in reference laboratories. One of the advantages of this method is that it allows the use of tissue samples from dead animals, which could aid the diagnosis of sentinels or animals that are highly susceptible to YFV 3, 5 .
In Brazil, there have been periodic reports of yellow fever outbreaks. This periodic distribution of cases may be explained by the presence of vectors and the presence or circulation of infected non-human primates that act as virus amplifi ers in the epidemiological cycle of the disease 6 . This circulation of infected monkeys, beyond migration, could occur through the illegal trade of wild animals, thus making it easier for the disease to enter an unaffected area where favorable conditions exist for the zoonosis to spread 6 .
These factors, in addition to the possibility that the infected monkey could have been bitten by hundreds of mosquitoes and consequently disseminated the YFV to a large number of susceptible individuals (both humans and monkeys) 6 , underscore the importance of constant surveillance of free-living and captive primates to effectively monitor the presence of YFV in these animals.
Based on the detection of this positive animal, a cooperation agreement was established between CIEVS/SESA and the SAAS [Wild Animal Attention Service] of UNICENTRO in Guarapuava, who agreed that live non-human primates would be kept in quarantine until a defi nitive diagnosis could be established. In addition, dead monkeys would also be sent to UNICENTRO for tissue collection and diagnosis. With these procedures, active surveillance is being conducted in the state, thus enabling the quick adoption of prophylactic measures to prevent outbreaks of the disease in humans and to determine the sites of occurrence of YFV in the State of Paraná.
